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Abstract 
Laser ablation of dielectric layers offers a low cost and contact free structuring method for producing highly efficient 
silicon solar cells in an industrial environment. In this work we investigate the ablation of SiNx and AlOx/SiNy layers 
on damage etched Cz silicon wafers. A Nd:YVO4 laser source is used with a fixed pulse length of ~ 10 ps and a 
wavelength of 1064 nm whereby the second (532 nm) and third harmonics (355 nm) are also applied. Laser ablated 
spots are characterized by light microscopy as well as SEM and EDX measurements. We produce symmetric test 
samples and conduct implied Voc measurements by means of QSSPC to detect laser induced damage. A strong 
influence of the wavelength and laser fluence on the results is found. To investigate whether the dielectric layers are 
properly opened, the test samples are metalized on both sides. Measurements of the series resistance from front to 
rear side through the samples show a clear influence of the laser parameters applied. By combining the results of both 
measurements we find a suitable process window for laser ablation with little damage to the substrate and a 
reasonable low series resistance. 
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1. Introduction 
The PERC and PERT cell structures are well known to achieve high efficiencies [1]. For contacting 
these cells selective laser ablation of the backside passivation is a low cost and contact free process 
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followed by a metallization step [2]. From a technological point of view laser ablation has to meet mainly 
two criteria: on the one hand the laser irradiation must not damage the silicon wafer. On the other hand the 
dielectric layers have to be opened properly at the contact points to allow for low series resistance. 
Suitable experiments are conducted to investigate these demands. 
 
2. Experimental 
2.1. Microscopy studies 
We investigate the ablation of a single layer SiNx (d = 70 nm, n = 2.0 @ 633 nm) as well as a stack 
system AlOx/SiNy (d = 20 nm/70 nm, n = 1.6/2.0 @ 633 nm) on damage etched Cz silicon wafers. The 
dielectric layers are opened selectively with single Gaussian shaped laser pulses using a Nd:YVO4 laser 
source with a fixed pulse length of 10 ps and wavelengths of 1064 nm, 532 nm and 355 nm. The opened 
spots are analyzed by light microscopy. In case of the single layer SiNx it is possible to open a spot 
homogeneously for all wavelengths from certain threshold fluencies Fth,a on. In contrast the opened spots 
of the stack system AlOx/SiNy appear different. In fig. 1 microscope pictures of four different spots are 
shown, that are opened with single laser pulses of increasing fluencies (532/581/639/1277 mJ cm-2) with a 
wavelength of 532 nm.  
 
 
Fig. 1. Microscope pictures of AlOx/SiNy opened with one laser pulse with 532 nm at fluencies close to Fth,a (left), at Fth,b (second 
from the left) and above these thresholds (right side) 
By exceeding the threshold fluence Fth,a for ablation, a spot can be opened homogeneously as can be 
seen in fig. 1 left. But from a certain fluence Fth,b on, only a ring like structure seems to be opened (fig. 1, 
second picture from the left). With increasing fluencies the observed ring structure narrows and only parts 
of it appear to be opened completely (fig. 1, right side). Applying 355 nm microscope pictures show the 
same characteristics. For 1064 nm, however, this behavior is not observed and a spot can be opened 
completely for all fluencies applied. The threshold fluencies Fth,a for the different dielectrics and 
wavelengths are determined analytically by the method of Liu [3] (table 1).  
Table 1. Threshold fluencies Fth,a for SiNx and AlOx/SiNy at different laser wavelengths 
wavelength (nm) Fth,a (mJ cm-2): SiNx Fth,a (mJ cm-2): AlOx/SiNy 
355 169 228 
532 257 336 
1064 400 390 
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The threshold fluencies rise with increasing wavelength according to the different absorption lengths. 
At 355 nm and 532 nm Fth,a is higher for SiNx than for AlOx/SiNy, whereby at 1064 nm the threshold 
fluencies are in a close range. This data correlates to our microscope findings, where we see no different 
ablation characteristics at 1064 nm. For shorter wavelengths, however, the ablated spots of SiNx and 
AlOx/SiNy look different like shown above. 
To gain a better insight into the laser ablation process we conduct scanning electron microscopy 
(SEM) and energy dispersive X-ray spectroscopy (EDX). Fig. 2 (top right corner) shows a SEM picture 
of SiNx opened by one laser pulse with 581 mJ cm-2 at 532 nm. Like described above, the dielectric layer 
can be ablated homogenously. To verify, that no nitride is left in the crater, EDX measurements are run in 
the pointing mode. The corresponding EDX spectra are found in fig. 2 on the top left side. At point 1, 
which lies outside of the ablated area and serves as a reference, we clearly find the N KD line. In opposite 
at point 2 the only element detected is silicon. At a flake lying in the crater a third measurement is carried 
out (point 3) revealing that it is a chipped off SiNx-particle. Fig. 2 (bottom right corner) shows a SEM 
picture of AlOx/SiNy opened by one laser pulse with 639 mJ cm-2 at 532 nm. The ring like structure 
mentioned above is clearly visible. At point 1 the EDX spectrum solely shows the Si KD line, revealing 
that in this area AlOx/SiNy is completely removed. In the center of the spot at point 2, however, not only 
silicon is detected but also aluminum and nitrogen to a certain amount. This proves that we have 
dielectrics left in the middle of the spot what also accounts for parts of the ring structure like shown in the 
EDX measurement at point 3. 
 
 
 
Fig. 2. SEM pictures of SiNx (top right corner) and AlOx/SiNx (bottom right corner) opened by one laser pulse at 532 nm and 
corresponding EDX spectra at point 1, 2 and 3 (left sides) 
 
To conclude our findings made by microscope characterization we can state a different behavior of 
laser ablation for SiNx on the one side and AlOx/SiNy on the other side. Independent from wavelengths 
and fluencies applied the SiNx layer can be ablated completely. 
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We conclude that in this case an indirect ablation process takes place. The laser radiation transmits 
through the dielectric and is absorbed by the underlying silicon. The laser pulse melts a thin layer of 
silicon which evaporates and builds up pressure, so that the dielectric chips off the surface [4]. In case of 
the stack system AlOx/SiNy we see this pure indirect process only for the laser wavelength of 1064 nm. At 
shorter wavelengths we find two different ablation regimes. Between the thresholds Fth,a and Fth,b we 
observe an indirect ablation process. Exceeding Fth,b, however, indirect ablation only takes place in the 
outer ring of the laser spot. At the center area direct absorption of radiation in the dielectric stack occurs. 
According to the brownish color of the center (see fig.1) about half of the thickness of the AlOx/SiNy is 
removed by direct ablation. 
2.2. Laser induced damage analysis 
To investigate, if the laser irradiation damages the substrate, symmetric test samples are processed. 
P-type Cz silicon wafers are damage etched, phosphorous doped (Rsh = 70 Ohm/sq) and coated on both 
sides with SiNx or AlOx/SiNy (same layers like described above). The samples are annealed and their 
implied Voc at one sun is measured by means of quasi-steady-state photo conductance (QSSPC). We 
ablate the dielectric layers on both sides with single laser pulses with a fixed pitch of 300 μm varying the 
fluence and wavelength of the laser irradiation. Subsequently the dielectric layers are etched back and the 
samples are passivated with SiNx (d = 70 nm, n = 2.3 @ 633 nm) and QSSPC measured again. Reference 
samples without laser ablation achieve absolute values of about 660 mV implied Voc at the end of the 
process sequence. By dividing the measured implied Voc after the new passivation by the one before laser 
ablation we calculate an implied Voc ratio which works as an indication for the damage induced by the 
laser irradiation. The implied Voc ratios for different fluencies and wavelengths are shown for SiNx in fig. 
3 left and for AlOx/SiNy in fig. 3 right. Each dot represents one measured sample and the colored lines 
mark the respective threshold fluence Fth,a for the three laser wavelengths applied (see table 1). It is found 
that using 1064 nm the implied Voc decreases even for fluencies close to Fth,a. Because of the high 
absorption length the radiation causes defects in the bulk leading to a higher recombination rate. In 
contrast the implied Voc ratios for 532 and 355 nm stay at the level of the non laser ablated reference 
samples until fluencies of about 0.9 J cm-2 proving that the smaller absorption lengths lead to less damage 
to the silicon. Within the measurement uncertainties there is no difference visible between the values of 
532 and 355 nm. Comparing both graphs for SiNx and AlOx/SiNy we observe a similar behavior. This 
indicates that the incomplete ablation of the AlOx/SiNy does not play a significant role for laser induced 
damage. 
  
Fig. 3. Implied Voc ratios of SiNx (left) and AlOx/SiNy (right) for different laser fluencies and wavelengths. The colored lines mark 
the threshold fluencies Fth,a 
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2.3. Resistance measurements 
To qualify the laser ablated spots in terms of contact properties, samples for resistance measurements 
are processed. This is done the same way like the symmetric samples for the laser induced damage 
analysis except we use n-type wafers instead of p-type (n+/n/n+-structure) and only AlOx/SiNy 
passivation this time. After laser ablation the samples are metalized by means of physical vapor 
deposition (PVD) on both sides with about 200 nm aluminum and annealed. The processed wafers are 
laser cut into pieces of 2.4 x 2.4 cm2. We contact the samples on both sides with metal plates and measure 
the resistance of each piece in a suitable four point probe setup. To obtain the resistance per contact Rc we 
calculate  
Rc = [(Rtot * Nc) – Rb]/2  (1) 
with the measured resistance Rtot, the number of contacts on one side of the sample Nc and the base 
resistance Rb. A spreading resistance can be neglected because of the highly doped surface layers. The 
results for the different fluencies and wavelengths applied are shown in fig. 4 on the left hand side.  
 
  
Fig. 4. All measured resistances per contact for different fluencies and wavelengths (left), arithmetic averages of the measured 
resistances against the corresponding radii with simulated curves for different specific contact resistances(right) 
Analyzing the results we see an interesting behavior of the measured resistances. Towards lower 
fluencies the opened spots are smaller leading to higher resistances as expected. At higher fluencies, 
however, the measured values rise again what can be explained by the incomplete ablation of the 
dielectric stack at shorter wavelengths. Another reason, especially at 1064 nm, might be that a surface 
layer of silicon is ablated as well resulting in a lower doped surface concentration causing higher contact 
resistances. On the right hand side of fig. 4 the same measurements are displayed, this time plotted as 
arithmetic averages against the radii of the laser spots. The black curves in this graph show simulated 
values for different specific contact resistances. We applied the program SDevice by the company 
Synopsys for this simulation. At small radii we achieve low specific contact resistances of about 
0.2 m: cm2 independent from the wavelength used. Towards larger radii the measured values show 
higher specific contact resistances because of the reasons mentioned above. These effects are not 
implemented in our theoretical model and therefore simulation and measurements show different trends 
towards higher fluencies respectively larger radii.  
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3. Conclusions 
In this work we investigate the laser ablation with ps pulses of SiNx and AlOx/SiNy layers on damage 
etched Cz silicon wafers. We find different mechanisms and threshold fluencies for ablation dependent on 
the wavelength applied. Microscope evaluations together with EDX measurements indicate that we have 
a direct ablation process for SiNx and a combination of direct and indirect ablation for the case of 
AlOx/SiNy. To see how a solar cell structure is influenced by the laser radiation we conduct QSSPC 
measurements. We find evidence for less damage to the substrate at lower fluencies and shorter 
wavelengths. Appropriate samples are processed to measure contact resistances and compare them to 
simulated results. For low fluencies respectively small radii we find the lowest specific contact resistances 
independent from the wavelength applied. Combining our findings of the laser induced damage analysis 
and resistance measurements we can state that using laser pulses with 532 or 355 nm at a fluence between 
0.6 and 0.9 J cm-2 should be a suitable parameter window for little laser damage and low contact 
resistances. 
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